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Abstract: Purpose: To survey risk-reducing hysterectomy and bilateral salpingo-oophorectomy
(BSO) practice and advice regarding hormone replacement therapy (HRT) in women with Lynch
syndrome. Methods: We conducted a survey in 31 contributing centers from the Prospective Lynch
Syndrome Database (PLSD), which incorporates 18 countries worldwide. The survey covered local
policies for risk-reducing hysterectomy and BSO in Lynch syndrome, the timing when these measures
are offered, the involvement of stakeholders and advice regarding HRT. Results: Risk-reducing
hysterectomy and BSO are offered to path_MLH1 and path_MSH2 carriers in 20/21 (95%) contributing
centers, to path_MSH6 carriers in 19/21 (91%) and to path_PMS2 carriers in 14/21 (67%). Regarding the
involvement of stakeholders, there is global agreement (~90%) that risk-reducing surgery should
be offered to women, and that this discussion may involve gynecologists, genetic counselors and/or
medical geneticists. Prescription of estrogen-only HRT is offered by 15/21 (71%) centers to women of
variable age range (35–55 years). Conclusions: Most centers offer risk-reducing gynecological surgery
to carriers of path_MLH1, path_MSH2 and path_MSH6 variants but less so for path_PMS2 carriers.
There is wide variation in how, when and to whom this is offered. The Manchester International
Consensus Group developed recommendations to harmonize clinical practice across centers, but there
is a clear need for more research.
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1. Background
Lynch syndrome is one of the most common hereditary cancer syndromes, affecting an estimated
1 in 300 individuals, based on the prevalence of underlying genetic abnormalities in the general
population. It is caused by pathogenic variants affecting one of the DNA mismatch repair (MMR)
genes (path_MMR): path_MLH1, path_MSH2, path_MSH6 and path_PMS2, each of which results in
different risks for cancer, particularly colorectal, endometrial and ovarian cancer [1].
Women with Lynch syndrome (excepting path_PMS2) have a lifetime risk of up to 50% of
developing colorectal and endometrial cancer and a lower risk (up to 17%) of developing ovarian
cancer [2]. Risk estimates for age-related gynecological cancer in Lynch syndrome vary by gene,
as described by the Prospective Lynch Syndrome Database (PLSD). PLSD reported a cumulative
incidence of endometrial and ovarian cancer at 75 years of 37% and 11% for path_MLH1 carriers, 49%
and 17% for path_MHS2 carriers and 41% and 11% for path_MSH6 carriers, respectively [2]. Notably,
female path_MSH6 carriers are at highest risk of endometrial cancer compared with cancer in other
organs [2–4].
Whilst colonoscopy surveillance has been associated with improved survival by early detection
of colorectal lesions compared with no surveillance [5], there is limited evidence that gynecological
cancer surveillance offers a survival benefit due to a lack of high-quality trial data [6]. Nevertheless,
a 98% 10-year survival from endometrial cancer has been reported by the PLSD in women who are
known path_MMR carriers, suggesting that surveillance and/or increased awareness of the red flag
symptoms of gynecological cancers may enable detection at early stages when cure is more likely [4].
In contrast, risk-reducing hysterectomy and BSO have been shown to prevent gynecological cancer
in women with Lynch syndrome [7]. The Manchester International Consensus Group recommendations
for the management of gynecological cancers in Lynch syndrome suggested that risk-reducing total
hysterectomy and BSO should be offered no earlier than 35–40 years of age, following completion of
childbearing, to path_MLH1, path_MSH2 and path_MSH6 carriers. However, the group concluded
that there was insufficient evidence to offer risk-reducing surgery to path_PMS2 carriers, whose risk
of gynecological cancers is appreciably lower [6,8]. The prescription of estrogen-only replacement
therapy (HRT) until at least natural menopause (~51 years) was strongly recommended for women
who undergo risk-reducing surgery [6].
In this report, we describe the current practice for hysterectomy and BSO reported by each PLSD
contributing center. We also explore reasons for divergence in the participating centers at the time of
the survey.
2. Methods
All contributing centers were asked to complete a structured survey of current practice of
risk-reducing gynecological surgery by April 2019 (Table 1). Data were collected via a structured
questionnaire (with areas for qualitative data collection).
The survey covered questions regarding the current practice for path_MLH1, path_MSH2,
path_MSH6 and path_PMS2 carriers, including risk-reducing hysterectomy and BSO and the timing
of surgery. We asked each center about the involvement of the patient and healthcare professional
stakeholders in initiating discussions about risk-reducing gynecological surgery, whether surgery was
actively recommended and if so, for whom.
Data were exported to an excel file, and descriptive statistics were used to catalogue the findings.
Local guidelines for gynecological surveillance and the modalities used are shown in Supplementary
Table 1.
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Table 1. Survey covering questions regarding the current practice with respect to prophylactic
hysterectomy and/or bilateral salpingo-oophorectomy (BSO) in path_MMR carriers.
Current
Practice
Path_MLH1
Carrier
Path_MSH2
Carrier
Path_MSH6
Carrier
Path_PMS2
Carrier
Prophylactic
hysterectomy
Available (Y/N)
If so, at which age
If so, only if patient asks *
If so, to be mentioned by counsellor *
If so, to be advocated by counsellor *
Prophylactic
oophorectomy
Available(Y/N)
If so, at which age
If so, only if patient asks **
If so, to be mentioned by counsellor **
If so, to be advocated by counsellor **
If premenopausal oophorectomy,
HRT to which age?
*/** mutually exclusive, answer only one for each gene; */** please specify who the counsellor would be (more than
one if applicable), e.g. gynecologist, medical geneticist, genetic counsellor, GP, other.
3. Results
3.1. Survey Response
We conducted the survey in 31 participating medical centers, from 18 countries. Of the thirty-one
centers, 21 (68%) from 12 countries, including Germany (n = 5), Finland (n = 1), Australia (n = 1), Spain
(n = 1), the United Kingdom (n = 2), Norway (n = 1), The Netherlands (n = 2), Italy (n = 3), Sweden
(n = 1), Israel (n = 2), Switzerland (n = 1) and Argentina (n = 1), completed the survey (Table 2).
Table 2. Currently recommended practice for females with path_MMR variants in the Prospective
Lynch Syndrome Database (PLSD) by country.
Countries Number
of Centers
Path_MLH1 and Path_MSH2
Carriers Path_MSH6 Carriers Path_PMS2 Carriers
Prophylactic
Hysterectomy
Prophylactic
BSO
Prophylactic
Hysterectomy
Prophylactic
BSO
Prophylactic
Hysterectomy
Prophylactic
BSO
Germany 5 5 5 5 5 5 5
Finland 1 1 1 1 1 1 1
Australia 1 1 1 1 1 1 1
Spain 1 1 1 1 1 1 1
UK 2 2 2 2 2 1 1
Norway 1 1 1 1 1 1 1
The Netherlands 2 2 2 2 2 0 0
Italy 3 3 3 3 3 1 1
Sweden 1 1 1 1 1 1 1
Israel 2 2 2 1 1 1 1
Switzerland * 1 0 0 0 0 0 0
Argentina 1 1 1 1 1 1 1
Total 21 20 20 19 19 14 14
*: There is no national guidelines or statements for female Lynch syndrome patients yet; BSO: bilateral
salpingo-oophorectomy.
3.2. Risk-Reducing Hysterectomy and BSO as Measures to Prevent Gynecological Cancer in
Path_MMR Carriers
Risk-reducing hysterectomy and BSO are offered in 20/21 (95%) centers for path_MLH1 and
path_MSH2 carriers. For path_MSH6 carriers, risk-reducing hysterectomy and BSO are offered in
19/21 (91%) centers. Fourteen out of 21 (67%) centers offer risk-reducing hysterectomy and BSO
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for path_PMS2 carriers (Table 2). The most common reported age at which risk-reducing surgery
is currently offered is ≥40 years in path_MMR carriers. Prescription of estrogen-only HRT after
premenopausal oophorectomy is recommended by 15/21 (71%) centers, across a variable age range
(35–55 years).
3.3. Involvement of Stakeholders
3.3.1. Risk-Reducing Hysterectomy
Of the 21 centers, 11 provided information about which stakeholders are involved in initiating
discussions about risk-reducing hysterectomy with Lynch syndrome carriers. Ten (91%) centers stated
that healthcare professionals (mainly gynecologists, genetic counselors and medical geneticists) offer
advice about risk-reducing hysterectomy to women with Lynch syndrome, and 6/9 (67%) centers that
provided further information stated that risk-reducing hysterectomy is actively recommended. Of the
21 centers, only 4 provided information about patient engagement in discussions about risk-reducing
hysterectomy. Of these four centers, one (25%) reported that risk-reducing hysterectomy is only
provided upon request by Lynch syndrome carriers.
3.3.2. BSO
With regards to risk-reducing BSO, 10/21 centers provided information about stakeholder
involvement in these discussions. Nine (90%) centers stated that healthcare professionals
(mainly gynecologists, genetic counselors and medical geneticists) offer advice to Lynch syndrome
carriers about risk-reducing BSO. In 9/10 centers, risk-reducing BSO is advocated by healthcare
professionals, and in 5/9 (56%), it is actively recommended. Of the 21 centers, 6 provided information
about the involvement of patients in discussions about risk-reducing BSO. Three of those centers (50%)
stated that surgery is only provided upon request by Lynch syndrome carriers.
4. Discussion
Here, we provide insight into the current management of gynecological cancer risk in women
with Lynch syndrome across participating PLSD centers. We received data from 21/31 (68%) PLSD
centers, incorporating practices from 12 countries worldwide. There was global agreement (>90%)
for offering both hysterectomy and BSO to path_MLH1, path_MSH2 and path_MSH6 carriers after
the age of 40 years. The reported age at which risk-reducing surgery is offered is later than the
minimum age (35 years) for path_MLH1 and path_MSH2 carriers suggested by the recent expert
consensus statement [6], which was based on the reported rapidly rising risk of gynecological cancers
for path_MSH2 and path_MSH6 carriers from that age onwards [2]. Despite the very low risk for
gynecological cancer in path_PMS2 carriers, risk-reducing hysterectomy and BSO are still offered by
67% of the responding centers. Interestingly, we identified no major differences between the countries,
but there are some discrepancies between centers from the same country (e.g., the UK, The Netherlands
and Israel). Of note, the survey was taken one year ago (April 2019), and some retrospective and
prospective data studies on ovarian and endometrial cancer risk in Lynch syndrome were just being
published [8–10]. This may explain the discrepancies between centers, especially for path_PMS2
carriers, whereby some centers (e.g., The Netherlands) have adapted their practice, but changes have
not been incorporated into national guidelines yet, whilst other centers (e.g., Switzerland) rely on
recommendations from European and US guidelines/statements.
Decisions about risk-reducing surgery reflect discussions between women and healthcare providers
that incorporate a range of issues, including personalized risk calculations, advantages/disadvantages
of risk-reducing surgery, gynecological health, medical co-morbidity, family planning, and women’s
values and preferences. The complexity of these individualized discussions cannot be captured in
a simple survey of this nature. Nevertheless, we sought to understand more about the drivers for
these discussions, whether healthcare professionals are active or passive in providing risk-reducing
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gynecological surgery, and whether this differs by center, country, surgery type (hysterectomy versus
BSO) and affected gene. Most centers offer risk-reducing hysterectomy and/or BSO, but there is a
huge variation between centers as to whether surgery is actively recommended or provided only upon
patient request. This likely reflects inconsistency in national and international guidelines underpinned
by a lack of high-quality published studies. There is a clear unmet clinical need for more research in
this area to guide a consistent approach to risk-reducing gynecological surgery for Lynch syndrome
carriers irrespective of where an individual woman lives and who is involved in her care [11].
The prescription of HRT following premenopausal oophorectomy is recommended in 71% of the
centers from 35 years for a variable duration of up to 55 years of age. The reported ages at which HRT
is offered is not in line with the strong recommendation by the Manchester International Consensus
Group that suggests HRT is offered until at least the age of natural menopause (~51 years) [6]. Some
centers do not prescribe HRT at all; it is notable that the current National Comprehensive Cancer
Network (NCCN) guidelines for risk management for women with Lynch syndrome do not mention
prescription of HRT [12]. However, estrogen protects against colorectal cancer [13–18], which is
particularly relevant for Lynch syndrome carriers, as well as protecting bone and cardiovascular
health [19,20]. Many of the well-publicized harms associated with HRT relate to its prolonged use in
older women and specifically from the progestin component that is not required when the uterus is
removed [21,22].
Risk-reducing hysterectomy and/or BSO has been reported to prevent cancer and/or to improve
survival in women with Lynch syndrome [7]. For women who choose not to undergo risk-reducing
surgery, an understanding of the ‘red flag’ symptoms for these cancers is important to trigger prompt
referral for urgent investigation [23]. A woman’s personal risk should be used to provide individualized
counselling regarding the need for risk-reducing surgery and the optimal timing of this.
5. Conclusions
This study provides a snapshot of the preventive gynecological recommendations provided to
women with Lynch syndrome by 21 centers from 18 countries worldwide. There is a wide variation in
how, when and to whom risk-reducing gynecological surgery is offered. The Manchester International
Consensus Group developed guidance to harmonize the care offered to women with Lynch syndrome
but noted the lack of high-quality research in this area. There is a clear need for further research so
that women with Lynch syndrome can expect and receive consistent, evidence-based care for the
management of their gynecological cancer risk.
Author Contributions: M.D.-V., C.E. and M.P. designed the study and wrote the manuscript. All others: completed
the survey, commented on and revised the manuscript. All authors have read and agreed to the published version
of the manuscript.
Funding: This work was supported by the Radium Hospital Foundation (Oslo, Norway), Helse Sør-Øst (Norway),
the Norwegian Cancer Society, contract 194751-2017, Finnish Cancer Foundation, Jane and Aatos Erkko Foundation,
Emil Aaltonen Foundation, Finnish Medical Foundation, Sigrid Juselius Foundation, Instrumentarium Science
Foundation. This work was funded by the Spanish Ministry of Science and Innovation, co-funded by FEDER
funds, SAF2015-68016-R and PID2019-111254RB-I00; Instituto de Salud Carlos III CIBERONC_CB16/12/00234
and the Government of [Catalonia AGAUR_2017SGR1282, CERCA Program]. N.A.J.R was a Medical Research
Council Doctoral Research Fellow (MR/M018431/1). E.J.C was a National Institute for Health Research (NIHR)
Clinician Scientist (NIHR-CS-012-009), and D.G.E a NIHR Senior Investigator (NF-SI-0513-10076). D.G.E and E.J.C
are supported by the all Manchester NIHR Biomedical Research Centre (IS-BRC-1215-20007).
Conflicts of Interest: Toni Seppälä is the CEO and co-owner of Healthfund Finland (outside the submitted work).
Deepak Vengala has received speaker’s honorarium by Roche and Falk Foundation, as well as travel grants from
Cellgene and Gilead (outside the submitted work).
J. Clin. Med. 2020, 9, 2290 7 of 8
References
1. Dominguez-Valentin, M.; Sampson, J.R.; Seppala, T.T.; Ten Broeke, S.W.; Plazzer, J.P.; Nakken, S.; Engel, C.;
Aretz, S.; Jenkins, M.A.; Sunde, L.; et al. Cancer risks by gene, age, and gender in 6350 carriers of pathogenic
mismatch repair variants: Findings from the Prospective Lynch Syndrome Database. Genet. Med. 2019.
[CrossRef]
2. Moller, P.; Seppala, T.T.; Bernstein, I.; Holinski-Feder, E.; Sala, P.; Gareth Evans, D.; Lindblom, A.; Macrae, F.;
Blanco, I.; Sijmons, R.H.; et al. Cancer risk and survival in path_MMR carriers by gene and gender up to 75
years of age: A report from the Prospective Lynch Syndrome Database. Gut 2018, 67, 1306–1316. [CrossRef]
3. Ryan, N.A.J.; Morris, J.; Green, K.; Lalloo, F.; Woodward, E.R.; Hill, J.; Crosbie, E.J.; Evans, D.G. Association
of Mismatch Repair Mutation with Age at Cancer Onset in Lynch Syndrome: Implications for Stratified
Surveillance Strategies. JAMA Oncol. 2017, 3, 1702–1706. [CrossRef] [PubMed]
4. Moller, P.; Seppala, T.; Bernstein, I.; Holinski-Feder, E.; Sala, P.; Evans, D.G.; Lindblom, A.; Macrae, F.;
Blanco, I.; Sijmons, R.; et al. Cancer incidence and survival in Lynch syndrome patients receiving colonoscopic
and gynaecological surveillance: First report from the prospective Lynch syndrome database. Gut 2017, 66,
464–472. [CrossRef] [PubMed]
5. Jarvinen, H.J.; Aarnio, M.; Mustonen, H.; Aktan-Collan, K.; Aaltonen, L.A.; Peltomaki, P.; De La Chapelle, A.;
Mecklin, J.P. Controlled 15-year trial on screening for colorectal cancer in families with hereditary nonpolyposis
colorectal cancer. Gastroenterology 2000, 118, 829–834. [CrossRef]
6. Crosbie, E.J.; Ryan, N.A.J.; Arends, M.J.; Bosse, T.; Burn, J.; Cornes, J.M.; Crawford, R.; Eccles, D.; Frayling, I.M.;
Ghaem-Maghami, S.; et al. The Manchester International Consensus Group recommendations for the
management of gynecological cancers in Lynch syndrome. Genet. Med. 2019. [CrossRef] [PubMed]
7. Schmeler, K.M.; Lynch, H.T.; Chen, L.M.; Munsell, M.F.; Soliman, P.T.; Clark, M.B.; Daniels, M.S.; White, K.G.;
Boyd-Rogers, S.G.; Conrad, P.G.; et al. Prophylactic surgery to reduce the risk of gynecologic cancers in the
Lynch syndrome. N. Engl. J. Med. 2006, 354, 261–269. [CrossRef] [PubMed]
8. Ten Broeke, S.W.; van der Klift, H.M.; Tops, C.M.J.; Aretz, S.; Bernstein, I.; Buchanan, D.D.; de la Chapelle, A.;
Capella, G.; Clendenning, M.; Engel, C.; et al. Cancer Risks for PMS2-Associated Lynch Syndrome. J. Clin.
Oncol. 2018, 36, 2961–2968. [CrossRef]
9. Van Lieshout, L.A.M.; Steenbeek, M.P.; De Hullu, J.A.; Vos, M.C.; Houterman, S.; Wilkinson, J.; Piek, J.M.
Hysterectomy with opportunistic salpingectomy versus hysterectomy alone. Cochrane Database Syst. Rev.
2019, 8, CD012858. [CrossRef]
10. Pacelli, J.; Gosset, M.; Rossi, L.; Ngo, C.; Delomenie, M.; Nos, C.; Lecuru, F.; Bats, A.S. Prophylactic
hysterectomy in Lynch syndrome: Feasibility and outcomes. Gynecol. Obstet. Fertil. Senol. 2019, 47, 497–503.
[CrossRef]
11. Ryan, N.A.J.; Nobes, M.; Sedgewick, D.; Teoh, S.N.; Evans, D.G.; Crosbie, E.J. A mismatch in care: Results
of a United Kingdom-wide patient and clinician survey of gynaecological services for women with Lynch
syndrome. BJOG 2020, in press.
12. NCCN. Genetic/Familial High-Risk Assessment: Colorectal. Available online: https://jnccn.org/view/journals/
jnccn/17/9/article-p1032.xml (accessed on 1 September 2019).
13. Grodstein, F.; Newcomb, P.A.; Stampfer, M.J. Postmenopausal hormone therapy and the risk of colorectal
cancer: A review and meta-analysis. Am. J. Med. 1999, 106, 574–582. [CrossRef]
14. Kennelly, R.; Kavanagh, D.O.; Hogan, A.M.; Winter, D.C. Oestrogen and the colon: Potential mechanisms for
cancer prevention. Lancet Oncol. 2008, 9, 385–391. [CrossRef]
15. Lin, K.J.; Cheung, W.Y.; Lai, J.Y.; Giovannucci, E.L. The effect of estrogen vs. combined estrogen-progestogen
therapy on the risk of colorectal cancer. Int. J. Cancer 2012, 130, 419–430. [CrossRef] [PubMed]
16. Nanda, K.; Bastian, L.A.; Hasselblad, V.; Simel, D.L. Hormone replacement therapy and the risk of colorectal
cancer: A meta-analysis. Obstet. Gynecol. 1999, 93, 880–888. [CrossRef]
17. Prihartono, N.; Palmer, J.R.; Louik, C.; Shapiro, S.; Rosenberg, L. A case-control study of use of postmenopausal
female hormone supplements in relation to the risk of large bowel cancer. Cancer Epidemiol. Biomarkers Prev.
2000, 9, 443–447.
J. Clin. Med. 2020, 9, 2290 8 of 8
18. Rossouw, J.E.; Anderson, G.L.; Prentice, R.L.; LaCroix, A.Z.; Kooperberg, C.; Stefanick, M.L.; Jackson, R.D.;
Beresford, S.A.; Howard, B.V.; Johnson, K.C.; et al. Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: Principal results from the Women’s Health Initiative randomized controlled trial.
JAMA 2002, 288, 321–333. [CrossRef]
19. Nelson, H.D.; Humphrey, L.L.; Nygren, P.; Teutsch, S.M.; Allan, J.D. Postmenopausal hormone replacement
therapy: Scientific review. JAMA 2002, 288, 872–881. [CrossRef]
20. Gaba, F.; Manchanda, R. Systematic review of acceptability, cardiovascular, neurological, bone health and
HRT outcomes following risk reducing surgery in BRCA carriers. Best Pract. Res. Clin. Obstet. Gynaecol.
2020. [CrossRef]
21. Faubion, S.S.; Kuhle, C.L.; Shuster, L.T.; Rocca, W.A. Long-term health consequences of premature or early
menopause and considerations for management. Climacteric 2015, 18, 483–491. [CrossRef]
22. Pinkerton, J.V. Hormone Therapy for Postmenopausal Women. N. Engl. J. Med. 2020, 382, 446–455. [CrossRef]
23. Funston, G.; O’Flynn, H.; Ryan, N.A.J.; Hamilton, W.; Crosbie, E.J. Recognizing Gynecological Cancer in
Primary Care: Risk Factors, Red Flags, and Referrals. Adv. Ther. 2018, 35, 577–589. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
